everal previous studies have suggested a link between arteriosclerotic disease and persistent infection or seropositivity of certain microorganisms, such as Chlamydia pnuemoniae, cytomegalovirus, Helicobacter pylori, and herpes simplex virus, [1] [2] [3] [4] [5] although the underlying mechanism has yet to be fully elucidated. The possible role of certain infectious agents in atherogenesis has been suggested by recent observations that viable microorganisms or remnants of them are present in atherosclerotic plaque 6 and that a positive antibody status against some infectious organisms is associated with atherosclerotic diseases. 7 On the other hand, several investigators have reported experimental and epidemiological evidence that suggests activation of an inflammatory process, rather than the specific infectious agent, is responsible for the development and promotion of atherosclerotic diseases. 8, 9 Infective agents may have a proinflammatory effect and thus a crucial role in atherothrombosis. 10 Many additional results have shown an association between infectious agents and the atherosclerotic process, although other studies have produced contrary results. 10 Thus, the role of infection in the pathogenesis of this disease remains controversial. One of these infectious agents is hepatitis C virus (HCV), which infects approximately 170 million individuals worldwide. This infection remains a severe life-threatening medical and public health problem. In the current literature, there are very few data on the relationship between HCV infection and atherosclerosis. However, very recent results indicate that seropositivity for HCV shows a positive association with carotid artery plaque and carotid intima -media thickening, independent of other risk factors for atherosclerosis. 11 In the present study, we evaluated whether seropositivity for HCV is associated with the severity or exacerbation of atherosclerosis in coronary artery disease (CAD) proven subjects.
Hospital with complaints such as angina, dyspnea, palpitation or syncope. The total group of 364 patients (mean age 60.6±10.1 years and 75% males) was divided in 2 groups according to anti-HCV serology. Patients in the HCV seropositive group had HCV seropositivity without clinical liver disease. Patients with seropositivity for HBsAg, severe liver damage and cirrhosis, acute or chronic inflammatory disease, immunological disease, and a history or the presence of neoplastic disease were excluded. In addition, patients without stenosis >50% of at least 1 main coronary vessel or with stenosis of a minor vessel or main coronary artery branch were excluded.
Serological Assays
Venous blood samples were collected from the patients under standardized conditions after an overnight fast and were centrifuged within 15 min of collection (3,000 g for 10 min). Serum samples were immediately analyzed for antibodies against HCV using a third-generation enzyme immunoassay (EIA) laboratory technique that detects antibodies directed against various HCV epitopes. Recombinant antigens were used to capture circulating anti-HCV antibodies onto the wells of microtiter plates, microbeads, or specific holders adapted to closed automated devices. The presence of anti-HCV antibodies was revealed by anti-antibodies labeled with an enzyme that catalyzes the transformation of a substrate into a colored compound. The specificity of third-generation EIAs for anti-HCV is reported as greater than 99%. 12 The sensitivity of third-generation EIAs is more difficult to determine, given the lack of a gold standard method, but it is excellent in HCV-infected immunocompetent patients. EIAs can be fully automated and are well adapted to large-volume testing. Immunoblot tests are nowadays clinically obsolete given the good performance of third-generation anti-HCV EIAs. 13 
Measurement of Circulating C-Reactive Protein (CRP)
Blood samples were collected into tubes containing citric acid and stored at -80°C after centrifugation. The stored serum for each patient was thawed for CRP measurement by an automatic immunonephelometer.
Interpretation of Coronary Angiograms for the Severity of Atherosclerosis
Coronary arteriography (Siemens axion artic PC, Germany) was performed in all patients by the Judkins technique and all angiograms were reviewed by 2 cardiologists who had no knowledge of the patient's clinical history or laboratory results. The average score of the 2 reviewers was obtained to calculate the exact score for each patient. Scoring for severity of CAD was performed with a scoring system described previously 14 that was modified by Reardon et al. 15 The coronary circulation was divided into 8 segments for analysis. The 8 proximal segments including the left anterior descending artery (LAD) up to the junction of the middle and distal third of the vessel, the proximal third of the major septal branch of the LAD, the proximal third of the major diagonal branch of the LAD, the circumflex coronary artery (CFX), the proximal third of the major obtuse marginal branch of the CFX, the right coronary artery (RCA) up to and the origin of the posterior descending coronary artery (PDA) and the proximal third of the PDA were determined. Disease in the distal segment of each coronary artery was not considered because of the difficulty in quantifying the severity of lesions in those areas. In cases in which the CFX was the dominant coronary artery (the PDA was supplied by CFX), lesions in the CFX up to the origin of the PDA were included, as were lesions of the RCA up to the origin of the middle and distal thirds of the vessel.
The percentage narrowing of each lesion in the proximal coronary artery circulation was assessed according to the maximal narrowing of the diameter of the artery in all projections. The extend and severity of the proximal coronary disease was assessed by assigning points to each lesion as follows: <50% stenosis of the luminal diameter, 1 point; 50-74%, 2 points; 75-99%, 3 points; 100% or total obstruction, 4 points. The points for each lesion in the proximal coronary circulation were summed to give the score for severity.
Statistical Analysis
Data were analyzed with SPSS software version 11.5 for Windows (SPSS Inc, Chicago, IL, USA). Continuous data are presented as means ± SD. Differences in continuous variables between groups were determined by Student's t-test (normal) or Mann-Whitney U-test (non-normal). Cate- 
Results

Clinical and Laboratory Data for HCV Seropositives and Controls
Baseline demographic, laboratory and hemodynamic characteristics of the patients in both groups are illustrated in Table 1 . There was no significant difference between the groups in terms of sex, age, and major risk factors attributable to atherosclerotic CAD, such as hypertension, smoking or family history. Diabetes mellitus was much more prevalent in patients with HCV seropositivity compared with the control group, but was not statistically significant (38 (27.3%) vs 42 (18.7%) p=0.068). Hemoglobin A1c values were also similar in both groups (6.41±0.63 % in HCV seropositive group vs 6.38±0.58 % in HCV seronegative group, p=0.358). Systolic or diastolic blood pressures were not different when the 2 groups were compared (128.4±13.5 vs 127.6±11.8, p=0.873 and 76.8±12.9 vs 75.7±12.6, p=0.769, respectively). In addition, the rate of hypertension was similar in the 2 groups (69 (49.6%) vs 115 (51.1%) p=0.829). Among the laboratory variables, fasting low-density lipoprotein-cholesterol and triglyceride levels were lower in the HCV seropositive group compared with the control group (HCV seronegative) (109.1±33.5 vs 118.6±41.1, p=0.023 and 125.4±55.5 vs 158.7±102.4, p<0.001, respectively). However, no significant differences were found between groups concerning aspartate transaminase (27.3±11.8 in HCV seropositive vs 25.6±9.2 in HCV seronegative, p= 0.368) or alanine transaminase (30.1±12.6 in HCV seropsitive vs 27.9±11.7 in HCV seronegative, p=0.345). In addition, CRP (2.073±1.358 vs 1.190±1.005, p<0.001) and fibrinogen (5.323±1.567 vs 4.104±1.648, p<0.001) levels were significantly higher in the HCV seropositive group compared with the control group. Both groups were similar in terms of oral medical treatment including statins, aspirin, angiotensin-converting enzyme inhibitors, angiotensinreceptor blockers, calcium-channel blockers or -blockers ( Table 2) .
Comparisons of the Angiographic Parameters of Patients According to HCV Serology
When we compared the 2 groups according to angiographic parameters we found that HCV seropositive patients Table 3 Comparison of Angiographic Parameters Abbreviation see in Table 1 . had more multivessel disease (≥2 vessels) than the control group (126 (91.6%) vs 166 (74.1%), p<0.001). The percentage of HCV seropositivity increased with the number of vessels affected (3.6% for 1-vessel disease, 9.6% for 2-vessel disease, and 25.1% for 2-vessel disease, p<0.001).
Similarly, the Reardon severity scores were significantly higher in the HCV seropositive group than in the control group (8.75±1.69 vs 6.01±1.80, p<0.001). In addition, a significant difference was found between the groups in terms of collateral coronary flow. Patients in the HCV seropositive group had more collateral coronary vessels than the control group (32 (23%) vs 22 (9.8%), p=0.001) ( Table 3) . These significant differences between groups might be caused by more inflammation, supported by the higher CRP and fibrinogen levels in the HCV seropositive patients.
Linear Regression Analysis of the Relationship Between HCV Serology and the Severity of CAD
To determine the correlates of the Reardon severity score, correlation analysis was performed and a strong significant positive correlation between the Reardon severity score and CRP (r=0.24, p=0.002), fibrinogen (r=0.23, p= 0.002), HCV seropositivity (r=0.348, p<0.001) and the presence of collateral coronary vessels (r=0.130, p=0.013) was found (Fig 1) . With increasing levels of CRP and fibrinogen, the Reardon severity score increased, demonstrating more severe CAD.
To detect which clinical and laboratory variables independently affect the Reardon severity score, linear regression analysis including fibrinogen, CRP, anti-HCV seropositivity and the presence of collateral coronary flow was performed. HCV seropositivity (odds ratio (OR):1.565 (95% confidence interval (CI) 0.963-2.168, p<0.001)), CRP, and fibrinogen were found to be independent predictors of severity (Table 4) . After adjustment for other confounding risk factors, multivariate logistic regression analysis showed that HCV seropositivity still represented an independent predictor for increased atherosclerosis demonstrated by higher Reardon severity score with an OR of 2.018 (95% CI 1.575-2.579, p<0.001).
Discussion
Summary of Findings
In the present study, we found that HCV seropositivity and the fibrinogen and CRP lvels were independent predictors of increased severity of atherosclerosis. Furthermore, having HCV seropositivity was still a strong independent predictor for the severity of coronary atherosclerosis in multivariateadjusted analysis. Patients with HCV seropositivity had more extensive, severe atherosclerosis than the control group.
Association Between Viral Infectious Agents and Atherosclerosis
Some infectious agents may cause cellular and molecular changes that contribute to the pathogenesis of atherosclerosis. 10 The data obtained identified viral genomes in the atherosclerotic plaques and also the pro-atherogenic effects of viral infection in cells relevant to atherogenesis (ie, smooth muscle cells, monocyte macrophages, T cells, endothelial cells). Experimental models have also shown promotion and acceleration of atherosclerosis by infectious agents. 10 One of the infections studied in atherogenesis is hepatitis B virus (HBV) infection. Kiechl et al reported a relationship between hepatitis and carotid atherosclerosis and found no significant difference between chronic hepatitis and the carotid atheromatous plaque, although whether each subject had HBV or HCV was not specified. 8 Similarly, in a recent study Yang et al found no association between HBsAg seropositivity and increased carotid atherosclerosis in Taiwanese. 16 However, in a cross-sectional cohort study including 4,686 subjects of whom 1,294 (28%) had carotid atherosclerosis and 40 (0.9%) had HBsAg seropositivity, Ishizaka et al 17 suggested the possible role of chronic HBV infection in the pathogenesis of carotid atherosclerosis. Some possible mechanisms to explain the relationship between HBV infection and atherosclerosis have been suggested. First, HBV may colonize the vascular tissues, 18 leading to vascular damage. Second, HBV infection occasionally is associated with vasculitis. 19 Third, chronic HBV infection may be associated with increased levels of oxidative stress, 20 which may accelerate atherogenesis. Finally, chronic HBV infection may stimulate inflammatory and immune-mediated responses.
HCV is a worldwide public health problem and frequently leads to chronic hepatitis, which may progress to cirrhosis and even to hepatocellular carcinoma. [21] [22] [23] The incidence of HCV seropositivity is 0.3% in total blood of donors in Turkey. The prevalence of anti-HCV seropositivity in volunteers is less than 0.2% in North Europe and United States, while it is 1-1.5% in South Europe and Japan. 24, 25 The mechanisms responsible for the pathogenesis of chronic HCV infection are not well known. Similarly, there are very few data about the possible relationship between HCV infection and its association with atherosclerosis. The first reports of the effect of HCV infection on atherogenesis were regarding carotid atherosclerosis. Ishizaka et al 26 found that carotid artery plaque was far more prevalent in the core-protein of HCV seropositive subjects (64%) than in core-protein negative subjects (24%) in a study of 1,992 subjects. They concluded that HCV core protein positivity was positively and independently associated with carotid plaque with an OR of 5.61 (95% CI 2.06-15.26). Similarly, in another study designed by Ishizaka et al, HCV seropositivity was found to be associated with an increased risk of carotid artery plaque with an OR of 1.92 (95% CI 1.56-2.38, p=0.002) and carotid intima -media thickening with an OR of 2.85 (95% CI 2.28-3.57, p<0.001). 11 These findings suggest a possible role for chronic hepatitis C in the pathogenesis of carotid arterial remodeling.
The first evidence for an association between HCV seropositivity and CAD was reported by Vassalle et al. 27 They showed that in addition to other conventional atherogenic risk factors (ie, age, sex, smoking habit, hypertension, diabetes, and dyslipidemia), HCV seropositivity was associated with the presence of CAD with an OR of 3.2 (95% CI 1.1-9.2). However, Arcari et al 28 investigated the association between HCV seropositivity and acute myocardial infarction using a well-established cohort of young men in the US military and found no evidence to support this association. In addition to atherosclerosis, HCV may be involved in cardiovascular diseases such as myocarditis and cardiomyopathies. Matsumori et al 29 evaluated patients enrolled in the Myocarditis Treatment Trial (MTT) and showed that anti-HCV antibodies were identifiable in sera stored for 13-17 years and were more prevalent in patients with myocarditis and HF than in the general population and they concluded that in regions where prevalence of HCV was high, HCV infection might be an important cause of myocarditis and HF.
No data are available in the current literature with regard to the association between HCV infection and severity of atherosclerosis. In the present study we investigated the association between HCV seropositivity and the severity of coronary atherosclerosis using a modified Reardon score system and found that HCV seropositivity was an independent risk factor for increased atherosclerosis demonstrated by higher Reardon severity scores with an OR of 1.565 (95% CI 0.963-2.168). Furthermore, after adjustment for other risk factors, including CRP and fibrinogen, we found that HCV seropositivity still represented an independent predictor of severity or increased coronary atherosclerosis with an OR of 2.018 (95% CI 1.457-2.579). Similar to HBV infection, HCV infection may also stimulate inflammatory and immune-mediated responses, leading to increased inflammation, or it may increase levels of oxidative stress on atherosclerotic plaque. In other words, increased atherosclerosis in HCV seropositive subjects might be related to increased oxidative stress on atherosclerotic plaque and more inflammation, as demonstrated by high levels of fibrinogen in the seropositive subjects. In the present study, as a result of more inflammation because of HCV infection, patients in the HCV seropositive group had more extensive and severe atherosclerosis, demonstrated by higher Reardon scores, more multivessel disease and more collateral coronary vessels than the control group.
Previous studies have reported that the severity of coronary disease by the Reardon scoring system has a significant relation to traditional coronary risk factors such as high lowdensity lipoprotein level and diabetes mellitus. However, in the present study, low-density lipoprotein and triglyceride levels were lower in the HCV seropositive group, which may be related to reduced synthesis of low-density lipoprotein because of the increased inflammation at tissue level in this group or to interaction between the HCV infection andlipoprotein metabolism. The -lipoproteins competitively inhibit HCV infection, because both HCV and -lipoprotein use the same low-density lipoprotein receptor. 30 Similarly with the cholesterol level.
The prevalence of diabetes mellitus was higher in the HCV seropositive group (statistically insignificant) than in the control group. Even though it was statistically insignificant, the higher rate of diabetes mellitus in HCV seropositive patients may have contributed to the increased atherosclerosis and Reardon severity score compared with the control group.
In the present study, the higher fibrinogen and CRP levels in the HCV seropositive group suggest greater severity of atherosclerosis. Fibrinogen, an acute-phase protein, is strongly associated with (preclinical) atherosclerosis and also with a number of cardiovascular risk factors, notably smoking. [31] [32] [33] Elevated fibrinogen, reflecting the level of inflammatory activity, is associated with progression of carotid atherosclerosis, as was demonstrated previously for other inflammatory parameters such as CRP. 34 Hashimoto et al 35 demonstrated that the high-sensitivity (hs) CRP concentration is an independent predictor of the development of early carotid atherosclerosis. They showed that hs-CRP was a marker of inflammation related to the rate of plaque development rather than of the extent or severity of the plaque burden. Similarly, Tracy et al 36 found no association between CRP and the severity of carotid atherosclerosis in a cross-sectional study of hs-CRP. Nascimento et al 37 suggested that hs-CRP was a less useful marker of inflammation and could not indicate inflammation in HCV seropositive patients. In another study, Floris-Moore et al 38 showed that HCV infection was associated with lower levels of lipids and hs-CRP in HIV-infected men. However, in the present study, the hs-CRP levels were higher in the HCV seropositive patients. Furthermore we found a weak, but statistically significant, positive correlation between CRP and the severity of coronary atherosclerosis (r=0.24, p=0.002). In lights of these findings we suggest that increased coronary atherosclerosis, as demonstrated by a high Reardon score, in HCV seropositive patients is related to increased hs-CRP and more inflammation secondary to HCV infection.
Conclusions
We have demonstrated an association between HCV infection and the severity of coronary atheroslerosis. The possible mechanism may be more inflammation secondary to infection, which is a similar effect of HBV infection on atherosclerosis.
Study limitations
We used a visual scoring system. Even if there was no significant difference between the scores of 2 reviewers, evaluation of coronary angiograms by automatic computer programs may obtain more accurate (optimal) scores. Our study only included HCV seropositive patients without clinical liver disease or cirrhosis. Therefore, the cumulative effect of HCV infection on the severity of coronary atherosclerosis was not determined. We evaluated atherosclerosis only in the main coronary arteries and stenosis of a minor vessel or a main coronary artery branch was excluded in order to detect the effect of HCV infection on atherosclerosis of the main coronary arteries that mainly affect the choice for revascularization. In addition, our study population was too small to reach a conclusion, but this is first study showing a relationship between HCV infection and the severity of coronary atherosclerosis. Large-scale studies demonstrating more exactly the effect of HCV infection on the severity of atherosclerosis are needed.
